The Physicist's Description of Nature
Physics seeks to develop the most general and comprehensive quantitative description of nature as observed by careful experiments.
Although the description is given in the language of mathematics (necessary to a quantitative description of anything), physics is an experimental science.
Aspects of Nature Covered by the Description
Nothing that can be established by careful experiment is beyond the scope of physics. The scale of the things described range from the Planck length (an extremely small length, used in theories of the very early universe) to the size of the observed universe.
Physics is divided into numerous special areas, such as the study of the whole cosmos, of stars and planets, of condensed matter, of atoms and molecules, of nuclei, and of subnuclear systems.
Physical Systems
The term that physicists use for something they are thinking about or trying to describe is system. This is a catch-all term, since anything, large or small, can be a system. A boundary is usually specified or implied, so that there may be things internal to the system and things external to it.
A single small object is often called a particle. A collection of particles, considered all at the same time, is usually called a system. There is often ambiguity in this: an atom is sometimes considered to be a particle, sometimes a system of nucleus plus electrons.
Classical Physics
These courses deal with classical physics, which -roughly -means things physicists in 1900 understood reasonably well. (Not included are some things they thought they understood but did not.) Only at the end of the second course do we deal briefly with the two important 20 th century modifications to the description: relativity and quantum theory.
Classical physics describes nature to a very good approximation, provided we deal only with:
• Systems much larger than atoms, so that quantum effects are insignificant.
• Systems moving much slower than light, so that relativistic effects are negligible.
We ourselves satisfy these restrictions: we are much larger than atoms and much slower than light. In fact, everything we can observe directly with our own senses (not using special instruments) obeys these two conditions, so classical physics describes the world we see around us.
A large part of engineering and other sciences can be understood entirely in terms of classical physics. From time to time, we will mention some of the modifications to classical physics that need to be made if we want to consider very small or rapidly moving systems.
Mechanics
The physicist's description of Nature deals with two general aspects:
• Motion (kinematics): What is the location of an object or objects at a particular time, and how does that location change with time? • Interaction (dynamics): How does an object's environment affect its motion?
The discoveries of Galileo on motion and Newton on interaction form the basis of "classical mechanics." Most of the first course deals with their work and its consequences. Also included is thermal physics, largely a 19th century development.
The second course covers discoveries in electricity, magnetism and optics, mostly made in the 19 th century.
Why Study Physics?
Why study anything? Surely one good reason is to learn what has been found out by those who have gone before us.
Since the examination of nature by physicists has yielded the most sweeping and accurate description yet given to anything by anybody, some study of their findings should be fundamental to a sound education.
In more immediately practical terms, a knowledge of the fundamentals of physics is essential to a sound understanding of any natural science and to the practice of engineering. Some of the general laws we will discusssuch as those concerning energy -are of fundamental importance in all of the sciences.
